Introduction {#sec1}
============

Fulminant myocarditis (FM) is the most severe form of acute myocarditis,[@bib1] which may lead to serious hemodynamic dysfunction, acute heart failure, and even sudden death with a mortality rate up to 40%--70%.[@bib2]^,^[@bib3] There are various etiologies of FM, including virus infection, immune and allergy.[@bib4], [@bib5], [@bib6] Diagnosis for FM is complicated, and it is more likely to be a clinical diagnosis rather than a histological or pathological diagnosis.[@bib7] An early and correct diagnosis may be helpful for the treatment and potentially reduce the mortality rate. Current laboratory examinations, such as troponin I or T, creatine kinase, lactic dehydrogenase, and brain natriuretic peptide (BNP) were applied in clinical diagnosis of cardiovascular diseases. However, the levels of these biomarkers are widely changed during myocardial injury[@bib8] and cardiac dysfunction[@bib9] and may not be specific for fulminant myocarditis diagnosis. Therefore, novel biomarkers with higher sensitivity and specificity in diagnosis of fulminant myocarditis are urgently needed.

MicroRNAs (miRNAs) are small non-coding RNAs that usually induce gene silencing by binding to the 3′ UTR of target mRNAs, which play significant roles in multiple diseases.[@bib10]^,^[@bib11] Previous study showed that miRNAs might exist in plasma or serum in a stable form for more than 10 years.[@bib12] Certain circulating miRNAs, such as miR-665, miR-320a, and miR-22, contribute significant roles in heart failure (HF) and could serve as biomarkers for HF diagnosis.[@bib13], [@bib14], [@bib15] Cardiac-specific miRNA, miR-208a, is a novel biomarker for early detection of myocardial injury in human plasma.[@bib16] Circulating miR-122-5p was an independent predictor of neurological outcome and survival after cardiac arrest, improving the prediction of outcome after out-of-hospital cardiac arrest.[@bib17] However, whether they could serve as biomarkers for human adult FM is unknown.

The present study aims to characterize the expression profile of circulating miRNAs in FM patients and investigate potential biomarkers for FM diagnosis.

Results {#sec2}
=======

Determination of Circulating miRNA Profiles in FM Patients {#sec2.1}
----------------------------------------------------------

To identify the miRNAs profile in the plasma of FM patients, we subjected blood samples from FM and healthy controls to miRNA microarray analysis. The baseline characteristics of the FM patients and healthy controls were listed in [Tables S1--S5](#mmc1){ref-type="supplementary-material"}. In total, 1,711 miRNAs were detected, among which three miRNAs were upregulated, including hsa-miR-4763-3p, hsa-miR-4281, and hsa-miR-3960, while one miRNA, hsa-miR-151a-3p, was downregulated ([Figures 1](#fig1){ref-type="fig"}A--1D; [Table S6](#mmc1){ref-type="supplementary-material"}). Since miRNAs may be secreted into circulation during organ injury,[@bib16] we further compared the miRNAs profiles in plasma from acute myocardial infarction (MI) patients ([Table S7](#mmc1){ref-type="supplementary-material"}) to evaluate whether these differently expressed miRNAs were specific responsible for the onset of fulminant myocarditis. As shown in [Figure 1](#fig1){ref-type="fig"}, the expression levels of hsa-miR-4763-3p, hsa-miR-3960, and hsa-miR-151a-3p were unchanged in MI patients, while hsa-miR-4281 was also increased in MI, compared to controls.Figure 1Determination of Circulating miRNA Profiles in FM Patients(A) The fold change of miR-4763-3p from microarray analysis (N = 8). (B) The fold change of miR-4281 from microarray analysis (N = 8). (C) The fold change of miR-3960 from microarray analysis (N = 8). (D) The fold change of miR-151-3p from microarray analysis (N = 8). FM, fulminant myocarditis; MI, myocardial infarction.

These results indicated that miR-4281 may be related with the cardiac injury induced by FM. And hsa-miR-4763-3p, hsa-miR-3960, and hsa-miR-151a-3p may be responsible for the initial pathological processes of FM, such as inflammatory reaction, but not the cardiomyocyte injury outcome of FM.

Validation of miRNA Expression by Quantitative Real-Time PCR {#sec2.2}
------------------------------------------------------------

To further validate these microarray-identified miRNAs, we employed another fifteen plasma samples from a second cohort of FM patients for quantitative real-time PCR analysis. Consistently, comparing to the control group, the expression of miR-4763-3p and miR-4281 was significantly upregulated in FM patients, while miR-151a-3p level was significantly downregulated ([Figures 2](#fig2){ref-type="fig"}A--2C). Although the level of circulating miR-3960 was increased, there was a lack of significance (p = 0.51; [Figure 2](#fig2){ref-type="fig"}D). Moreover, another seven plasma samples from a second cohort of MI patients were also employed. Results of quantitative real-time PCR analysis showed that only miR-4281 expression level was increased in plasma from MI patients among the four dysregulated miRNAs, which was in line with the microarray analysis ([Figures 2](#fig2){ref-type="fig"}E--2H).Figure 2Validation of miRNA Expression by Quantitative Real-Time PCR(A) The expression of miR-4763-3p in plasma from FM patients detected by quantitative real-time PCR (N = 15). (B) The expression of miR-4281 in plasma from FM patients detected by quantitative real-time PCR (N = 15). (C) The expression of miR-151-3p in plasma from FM patients detected by quantitative real-time PCR (N = 15). (D) The expression of miR-3960 in plasma from FM patients detected by quantitative real-time PCR (N = 15). (E) The expression of miR-4763-3p in plasma from MI patients detected by quantitative real-time PCR (N = 7). (F) The expression of miR-4281 in plasma from MI patients detected by quantitative real-time PCR (N = 7). (G) The expression of miR-151-3p in plasma from MI patients detected by quantitative real-time PCR (N = 7). (H) The expression of miR-3960 in plasma from MI patients detected by quantitative real-time PCR (N = 7). FM, fulminant myocarditis; MI, myocardial infarction.

Together, both the microarray and quantitative real-time PCR assays suggested that circulating miR-4763-3p and miR-151a-3p were more specifically dysregulated in FM and may serve as potential biomarkers for FM.

Circulating miRNAs Profile in FM Patients with Follow-Up Treatment {#sec2.3}
------------------------------------------------------------------

To further explore whether the levels of above miRNAs were associated with the initiation and progression of FM, we also detected the miRNAs profile in FM patients with follow-up treatment. After a systematic and comprehensive treatment, including temporary intra-aortic balloon pump (IABP) and/or extracorporeal membrane oxygenation (ECMO), cortisone and intravenous immunoglobulin (IVIg) treatment, continuous renal replacement therapy (CRRT), and anti-virus treatment ([Table S8](#mmc1){ref-type="supplementary-material"}), the clinical symptom of FM was significantly improved, as evidenced by the increased left ventricular ejection fraction (LVEF) and decreased levels of NT-proBNP and cTnI ([Figures 3](#fig3){ref-type="fig"}A--3C). In line with this, the levels of miR-4763-3p and miR-4281 were restored to the normal level after proper treatments, while miR-151a-3p expression was still downregulated ([Table S9](#mmc1){ref-type="supplementary-material"}). The levels of miR-4763-3p, miR-4281, and miR-151a-3p were also confirmed by quantitative real-time PCR in plasma from FM patients with follow-up treatment ([Figures 3](#fig3){ref-type="fig"}D--3F).Figure 3Circulating miRNAs Profile in FM Patients with Follow-Up Treatment(A) Left ventricular ejection fraction in FM patients before and after treatments (N = 15). (B) The concentration of NT-proBNP in FM patients before and after treatments (N = 15). (C) The concentration of cTnI in FM patients before and after treatments (N = 15). (D) The level of circulating miR-4763-3p in control or FM patients before and after treatments detected by quantitative real-time PCR (N = 15). (E) The level of circulating miR-4281 in control or FM patients before and after treatments detected by quantitative real-time PCR (N = 15). (F) The level of circulating miR-151-3p in control or FM patients before and after treatments detected by quantitative real-time PCR (N = 15).

Considering the above results, the expression of miR-4763-3p was much more specifically consistent with the progress of FM, which could potentially be biomarkers for FM diagnosis.

KEGG Pathway Analysis of Potential Biomarker miRNAs {#sec2.4}
---------------------------------------------------

In order to gain insights into the functions of these circulating miRNAs, KEGG pathway analysis was applied to their target pool using DIANA tools. As shown in [Figure 4](#fig4){ref-type="fig"}A, the targets of miR-4763-3p were involved in many pathways, especially inflammatory reaction, such as T cells or B cell receptor, tumor necrosis factor (TNF), leukocyte transendothelial migration, and chemokine signaling pathway. Cell-survival-related pathways, such as apoptosis, vascular endothelial growth factor (VEGF), and PI3K-AKT, were also involved in the targets of miR-4281 ([Figure 4](#fig4){ref-type="fig"}B).Figure 4KEGG Pathway Analysis of Potential Biomarker miRNAs(A) The KEGG pathway analysis for miR-4763-3p target genes. (B) The KEGG pathway analysis for miR-4281 target genes. (C) IL-1β levels were detected in AC16 cells with various treatments (N = 5, ∗p \< 0.05 versus control, ^\#^p \< 0.05 versus LPS). (D) Cell viability was detected in AC16 cells with various treatments (N = 5, ∗p \< 0.05 versus control, ^\#^p \< 0.05 versus LPS). (E) Bax and Bcl2 expression levels were detected by quantitative real-time PCR in AC16 cells with various treatments (N = 5, ∗p \< 0.05 versus control, ^\#^p \< 0.05 versus LPS).

Moreover, the inflammation and apoptosis related functions of miR-4763-3p in cardiomyocytes were explored. Interleukin-1β (IL-1β) expression level was increased in AC16 cells after lipopolysaccharide (LPS) treatment, and miR-4763-3p promoted the increase of IL-1β expression induced by LPS ([Figure 4](#fig4){ref-type="fig"}C). Meanwhile, cell counting kit-8 (CCK-8) assays showed that miR-4763-3p aggravated the LPS-induced decrease of cell viability ([Figure 4](#fig4){ref-type="fig"}D). Furthermore, LPS treatment increased the expression levels of Bax and reduced those of Bcl2, while miR-4763-3p aggravated these effects ([Figure 4](#fig4){ref-type="fig"}E).

These indicated that miR-4763-3p could be predictable for inflammatory and cardiomyocyte injury responses, which were main characteristics of FM.

Association between Circulating miRNA Expression and the Severity of FM {#sec2.5}
-----------------------------------------------------------------------

To determine whether the expression levels of circulating miR-4763-3p and miR-4281 are related with the severity of FM, we performed linear correlation analyses between miRNAs and the LVEF or cTnI levels. We found that miR-4763-3p or miR-4281 enrichment was negatively correlated with LVEF (R = −0.66, p = 0.03; R = −0.63, p = 0.04; respectively; [Figures 5](#fig5){ref-type="fig"}A and 5B). However, neither miR-4763-3p nor miR-4281 expression level was correlated with cTnI concentration (R = 0.42, p = 0.22; R = 0.42, p = 0.18; respectively; [Figures 5](#fig5){ref-type="fig"}C and 5D). Furthermore, the levels of inflammatory cytokines were also detected. Results showed that the concentration of IFN-β was positively correlated with the miR-4763-3p expression level ([Figures 5](#fig5){ref-type="fig"}E and 5F).Figure 5Association between Circulating miRNA Expression and the Severity of FM(A) The correlation between circulating miR-4763-3p level and LVEF (N = 10). (B) The correlation between circulating miR-4281 level and LVEF (N = 10). (C) The correlation between circulating miR-4763-3p level and cTnI concentration (N = 10). (D) The correlation between circulating miR-4281 level and cTnI concentration (N = 10). (E) The correlation between circulating miR-4763-3p level and interferon-β (IFN-β) concentration (N = 10). (F) The correlation between circulating miR-4763-3p level and IL-6 concentration (N = 10).

These results suggested that the abundances of circulating miR-4763-3p and miR-4281 might be a cardiomyocyte injury-independent predictive factor for FM diagnosis.

Evaluation of miRNAs in Plasma as Novel Biomarkers for FM {#sec2.6}
---------------------------------------------------------

To further investigate the power of these miRNAs as potential biomarkers for FM, we performed ROC analysis in the same FM patients before and after treatment to assess the value of miR-4763-3p and miR-4281 for FM progress diagnosis.[@bib18]^,^[@bib19] The receiver operating characteristic (ROC) curves of miR-4763-3p and miR-4281 reflected strong values, with an under curve (AUC) of 0.85 (95% confidence interval 0.68 to 1.00) and 0.78 (95% confidence interval 0.60 to 0.95), respectively ([Figures 6](#fig6){ref-type="fig"}A and 6B). As miR-4281 was also increased in the plasma of MI patients, the ROC analysis showed that the AUC of miR-4281 in MI was 0.65. These results suggested that miR-4763-3p could potentially serve as a biomarker for FM diagnosis and treatment with high sensitivity and specificity. In addition, the expression of miR-4763-3p was unchanged in the plasma from rheumatic heart disease patients with acute heart failure, while miR-4281 was slightly increased ([Figure 6](#fig6){ref-type="fig"}D). Cardiovascular magnetic resonance (CMR) was also employed according to the Lake Louise Criteria. The correlation between the expression level of miR-4763 and miR-4281 and severity of FM was reflected by edema or necrosis detected by MRI. As shown in [Figures 6](#fig6){ref-type="fig"}E and 6F, the expression level of miR-4763 was highly positively correlated with the severity of FM (R = 0.91, p \< 0.001), while the expression level of miR-4281 was moderately positively correlated with the severity of FM (R = 0.60, p = 0.01).Figure 6Evaluation of microRNAs in Plasma as Novel Biomarkers for FM(A) The ROC curve for miR-4763-3p in FM patients. (B) The ROC curve for miR-4281 in FM patients. (C) The ROC curve for miR-4281 in MI patients. (D) The expression of miR-4763-3p and miR-4281 was detected by quantitative real-time PCR in the plasma of rheumatic heart disease patients with acute heart failure (∗p \< 0.05 versus control). (E) The correlation between circulating miR-4763-3p level and myocardial edema area (N = 9). (F) The correlation between circulating miR-4281 level and myocardial edema area (N = 9).

Discussion {#sec3}
==========

FM onsets urgently, progresses rapidly and may lead to sever heart failure or even sudden death. Timely and accurate diagnosis is in urgent need for saving life. Currently, diagnostic biomarkers for suspected myocarditis are limited. A comprehensive strategy including the history, clinical symptoms, and noninvasive test results is helpful to distinguish the disease. Previously, our group reported a Chinese society of cardiology expert consensus statement on the diagnosis and treatment of adult fulminant myocarditis based on the clinical diagnosis on FM patients from 2017 to 2018. When patients have following signs: sudden onset of disease, obvious initial symptoms of viral infection (such as fever, cough, stomachache, etc.), rapid emerging severe hemodynamic dysfunction, serious myocardial injury, and diffuse ventricular wall motion decrease, the clinical diagnosis of fulminant myocarditis can be made.[@bib2] As expected for these criteria, CMR was also employed according to the Lake Louise Criteria, evidenced by the signs of intracellular and interstitial edema, hyperemia, and capillary leakage, as well as cellular necrosis and fibrosis. If two or more of the three tissue-based criteria are positive, myocardial inflammation can be predicted with a diagnostic accuracy of 78%.[@bib20]^,^[@bib21] Therefore, in the current study, the diagnosis of FM was mainly based on the clinical syndrome and CMR analysis according to the 2013 European Society of Cardiology position statement, 2017 Chinese Society of Cardiology expert consensus statement, and 2009 International Consensus Group on Cardiovascular Magnetic Resonance in Myocarditis statement.[@bib2]^,^[@bib20]^,^[@bib22]

FM is identified as an inflammatory process that occurs in the myocardium and causes hemodynamic abnormality and heart failure. The pathogenesis of FM involves direct myocardial infection and indirect injuries mainly induced by immune response.[@bib23] A deep exploration of its pathogenesis is needed to accomplish early diagnosis and identify new treatment targets. Viral infections, such as enteroviruses and adenovirus, are thought to be responsible for the majority of FM.[@bib3] Less frequent causes include autoimmune disease,[@bib5]^,^[@bib6] bacterial infection, and drugs. Endomyocardial biopsy (EMB) is widely accepted for diagnosing myocarditis, based upon histopathology, immunohistology and molecular techniques to identify exact viral genomes.[@bib24] However, the limitations of EMB also have to be considered, such as the samples error, which might produce false-negative results due to the missing of inflammation area.[@bib25]^,^[@bib26] Meanwhile, as a few lymphocytes reside in interstitium under normal condition, the number of interstitial inflammatory cells to confirm the diagnosis of lymphocytic myocarditis is uncertain,[@bib27] whereas the overall complication rate is 6%; for example, perforation and tamponade.[@bib24]^,^[@bib28] Due to various reasons, endomyocardial biopsy was only performed in limited patients, but not all the patients in the current study (data not shown). Additionally, virus serological test was detected in some FM patients in the current study. The detailed patient information was list in [Tables S1--S7](#mmc1){ref-type="supplementary-material"}. In addition, a recent study showed that circular RNAs (circRNAs) might have substantial roles in pediatric FM and could serve as promising biomarkers.[@bib29] In general, diagnostic biomarkers for suspected myocarditis are limited.

miRNAs play significant roles in cardiovascular diseases and could serve as diagnosis biomarkers. FM is a kind of rapidly progressive disease that needs rapid diagnosis. Traditional quantitative real-time PCR analysis needs at least 1.5 h to detect the miRNA expression. However, adaptions of the standard qRT-PCR techniques have been established recently. With the advances of technology, new quantitative real-time PCR method and instrumentation was produced by multiple biotechnology companies, such as Cephid GeneXpert, BioFire FilmArray, and Roche Cobas Liat, and the detection time could be shortened to 30 min. Nevertheless, the expression pattern and functions of miRNAs in FM remain elusive. In order to find more specific and sensitive biomarkers for FM diagnosis, miRNA profiles were performed in plasma samples from FM patients in the current study. Here, we found that circulating miR-4763-3p and miR-4281 were upregulated in FM patients and restored to the normal level when the clinical symptom was recovery. Recent studies have shown that IL-2 upregulates miR-4281 expression, and miR-4281 facilitates iTreg development by enhancing FOXP3 expression.[@bib30] Global miRNA expression analysis shows that miR-4281 is specifically expressed in both naive and memory Tregs.[@bib31] Meanwhile, KEGG pathway analysis for miR-4763-3p and miR-4281 target genes mainly contributed to inflammation and immune response. These findings preliminarily suggested that miR-4763-3p and miR-4281 might contribute to FM via these pathways. Moreover, the expression of miR-4763-3p and miR-4281 was correlated with the severity of FM, characterized by LVEF. In addition, the expression of miR-4763-3p was unchanged in rheumatic heart disease patients with acute heart failure, while miR-4281 was slightly increased and ROC analysis showed that miR-4763-3p were specific and sensitive for FM diagnosis.

In the current study, we found that miR-4281 expression was elevated in the plasma of FM and MI patients, and it was negatively correlated with LVEF value, which indicated that miR-4281 was related to myocardial injury. However, no correlation was observed between miR-4281 and cTnI. The reasons might be as follows: (1) the source of miR-4281 and cTnI may be different. miR-4281 could be derived from cardiomyocytes, endothelial cells, or immune cells. cTnI is mainly derived from cardiomyocytes, which is usually considered as a specific biomarker for cardiomyocyte injury. (2) The elevated expression of cTnI in the plasma is usually released by cardiomyocytes due to cell death such as apoptosis and necrosis in myocardial infarction.[@bib32]^,^[@bib33] The cardiomyocytes prefer dysfunction rather than death in the process of FM, and heart function could return to normal after proper treatment.[@bib2]^,^[@bib34] The underlying mechanisms of miR-4281 expression regulation in blood are unclear, except for passive release after cell injury, and various stresses such as inflammatory response may induce active release of miR-4281 via exosomes or other ways. (3) The half-time of miR-4281 and cTnI in plasma might be different, which may lead to the different expression patterns during the disease process. We collected the samples at their admission, but the disease process might be various among the patients.

Moreover, the source of these miRNAs needs further investigation, which is important to reveal the molecular mechanism of FM. miR-4763-3p and miR-4281 are not well conservative among species (mice, rat, and human), so animal models may not truly reflect their distribution in human organs. According to the UCSC database and miRBase database, human miR-4763-3p is widely distributed in immune system, nervous system, muscle, and heart in humans. However, there are no distribution data of miR-4281 and miR-151a-3p in the database. To explore the source of these dysregulated miRNAs in plasma, the tissues such as heart, muscle, spleen, or lymph node from FM patients should be collected and detected. Moreover, heart tissue contains cardiomyocytes, endothelial cells, fibroblasts, immune cells, etc., all of which may be involved in the process of FM.

In conclusion, our data suggested that miR-4763-3p might be potential biomarkers for FM.

Materials and Methods {#sec4}
=====================

Patient and Public Involvement Statement {#sec4.1}
----------------------------------------

Patients with FM admitted to Tongji Hospital between 2017 and 2018 were recruited in this study. The inclusion criteria for patients with FM were according to the 2013 European Society of Cardiology position statement, 2017 Chinese Society of Cardiology expert consensus statement, and 2009 International Consensus Group on Cardiovascular Magnetic Resonance in Myocarditis statement.[@bib2]^,^[@bib20]^,^[@bib22] These patients were clinically diagnosed by sudden onset of disease, obvious initial symptoms of viral infection, rapid emerging severe hemodynamic dysfunction, myocardial injury, and diffuse ventricular wall motion decrease. This study was approved by the Ethics Review Board of Tongji Hospital and Tongji Medical College and conformed to the principles of the Declaration of Helsinki (IRB ID: TJ-C20160202). Informed consents were signed by the subjects recruited in the study or by family members in case of incapacity.

To be specific, the diagnostic criteria for FM were as follows: (1) rapid onset of symptoms of acute HF within less than 2 weeks; (2) severe hemodynamic compromise requiring high doses of vasopressors (≥5 μg/kg/min of dopamine or dobutamine); (3) use of mechanical circulatory supports, such as intra-aortic balloon pumps and/or venoarterial extracorporeal membrane oxygenation, in the early phase (day 1 or 2 of admission); and (4) presence of myocarditis confirmed by cardiovascular magnetic resonance (CMR) performed before discharge. Only CMR-confirmed patients were enrolled. Coronary angiography was performed in patients older than 25 years to rule out AMI. The exclusion criteria were: (1) patients younger than 11 years; (2) patients with possible acute coronary syndrome, but unable to undergo coronary angiography to distinguish the two conditions; (3) patients with myocardial injury caused by sepsis, chemotherapeutical agents, or poison; (4) patients with unstable hemodynamics or shock caused by hypovolemia.

RNA Extraction {#sec4.2}
--------------

Plasma samples for miRNA microarray analysis were collected from patients in Division of Cardiology, Tongji Hospital, and stored at −80°C until use. Total RNA was isolated using TRIzol-LS (Invitrogen, Carlsbad, CA) and purified with RNeasy mini kit (QIAGEN, Shanghai, China) according to the manufacturer's instructions. RNA quantity and quality were measured by NanoDrop ND-1000. The ratio of the absorbance at 260 and 280 nm (optical density \[OD\] 260/280) of isolated RNA was between 1.8 and 1.9.

miRNA Microarray {#sec4.3}
----------------

Sample labeling and array hybridization were performed by Kangcheng Biotechnology (Shanghai, China) according to the Agilent miRNA Microarray System with miRNA Complete Labeling and Hyb Kit protocol (Agilent Technology). Briefly, total miRNA from each sample was labeled with cyanine 3-pCp under the action of T4 RNA ligase. 1 μg of each labeled RNA was fragmented by adding 11 μL 10 × blocking agent and 2.2 μL of 25× fragmentation buffer, then heated at 60°C for 30 min, and finally 55 μL 2 × GE hybridization buffer was added to dilute the labeled RNA. 100 μL of hybridization solution was dispensed into the gasket slide and assembled to the gene expression microarray slide. The slides were incubated for 17 h at 65°C in an Agilent hybridization oven. The hybridized arrays were washed, fixed, and scanned using the Agilent microarray scanner (part number G2505C). Scanned images were then imported into GenePix Pro 6.0 software (Axon) for grid alignment and data extraction. The content source of this human miRNA microarray slide was from miRBase database (Release 21.0) by targeting 2,549 human miRNAs, of which 1,711 miRNAs were detected in our samples. The detection rate of miRNAs is about 67%. The microarray data was submitted to GEO database and the access number was GEO: [GSE148153](ncbi-geo:GSE148153){#intref0010}.

Validation by Quantitative Real-Time PCR {#sec4.4}
----------------------------------------

Total RNA from each sample was converted into cDNA using Bulge-Loop miRNA qRT-PCR Starter Kit (Ribobio, Guangzhou, China). The expression of miRNAs was evaluated by quantitative real-time PCR analysis according to the manufacturer's protocol. Cel-miR-39-3p was used as the exogenous control. The expression of miRNAs was quantified by quantitative real-time PCR using Power SYBR Green PCR Master Mix (Invitrogen, Carlsbad, CA) on a 7900HT FAST real-time PCR system (Life Technologies, Carlsbad, CA). Quantitative PCR was performed using standard settings: 95°C (10 min), 40 cycles of 95°C (10 s), 60°C (10 s), and 72°C (15 s). The primers of miRNAs were designed and synthesized by Ribobio (Guangzhou, China). PCR reactions were performed in a total volume of 10 μL containing of 1 μL of 100 ng/μL sample cDNA, 5 μL of 2*×* SYBR Green Mix, 0.5 μL of 5 μM of miRNA forward primer, 0.5 μL of 5 μM reverse primer, and 3 μL of RNase/DNase free water. Relative expression levels were calculated with the 2^-ΔΔct^ relative quantification method as previously described.[@bib35]

Bioinformatic Analysis of miRNAs Targets and Pathway {#sec4.5}
----------------------------------------------------

The target genes of miRNAs were predicted by TargetScan (<http://www.targetscan.org/vert_72/>). DAVID Bioinformatics Resources was employed for KEGG pathway analysis of selected genes. p \< 0.05 was considered statistically significant.

Culture of AC16 Cells {#sec4.6}
---------------------

The cell line of human cardiomyocytes (AC16) was cultured in DMEM supplemented with 10% fetal bovine serum at 37°C in humidified air containing 5% of CO~2~. Cells were seeded into a 24-well or 96-well plates. The cells were transfected with miRNA mimics for 12 h followed by LPS treatment for another 12 h. Then AC16 cells were collected and analyzed.

IL-1β Assay {#sec4.7}
-----------

The levels of IL-1β were detected by the human IL-1β ELISA kit (Boster, Shanghai, China) in AC16 cells. The cells were transfected with miRNA mimics for 12 h followed by LPS treatment for another 12 h. The levels of IL-1β were determined by specific enzyme immunoassay kits in accordance with the manufacturer's instructions.

Cell Viability Assay {#sec4.8}
--------------------

AC16 cells were seeded into 96-well plates. Then cells were transfected with miRNA mimics for 12 h followed by LPS treatment for another 12 h. Then, cell viability was assessed by CCK-8 assay (Beyotime, Shanghai, China) according to the manufacturer's protocol.

Statistical Analysis {#sec4.9}
--------------------

Data are described as mean ± SD. All of these analyses were performed on GraphPad Prism 8.0 (GraphPad software, CA). A paired t test was used for analyzing the paired data or by unpaired t test around the premise that the data was normal distribution and with equal variance. For variables without normal distribution, Mann-Whitney U test was performed. Person correlation analyses were conducted to evaluate the relationships between candidate miRNAs and clinical parameters. The ROC curves were used to assess miRNAs as diagnostic tools for distinguishing FM. p \< 0.05 was considered statistically significant.
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